ABSTRACT. The amidoxime mesoporous silica (AO-SBA-15) was prepared as the adsorbent and the effects of acidity, reaction time and initial concentration on the adsorption of lead ion were studied. The results show that AO-SBA-15 has a good adsorption performance for lead ion at pH values in the range of 4~6. The adsorption capacity increases with the increase of the initial lead ion concentration. AO-SBA-15 has higher adsorption capacity for lead ion of about 0.80 mmol·g -1
INTRODUCTION
Lead is not an essential trace element of the organic life and exposure to elevated level of Pb(II) could cause severe damages to human health. In recent decades, the increasing level of lead ion in wastewater represents a serious risk to human health and ecological systems. Therefore, it is of great value to use a technology to remove the lead from wastewater, which will reduce the concentration and amount of lead. A wide variety of techniques to remove heavy metal ions from wastewater is available such as precipitation, reverse osmosis, adsorption and ion exchange [1, 2] . Adsorption is widely used in the removal of heavy metal ions from waster water due to its high efficiency, simple operation and low-cost.
In 1992, Mobil Corporation successfully synthesized MCM-41 mesoporous molecular sieves, researchers have gained wide attention. Currently, the research on the solid adsorbent to remove the lead ion from water has been widely reported. In this paper, using own synthetic AO-SBA-15 sorbent for adsorption of lead ion was studied, and investigated the effects of absorption capacity by initial concentration, reaction time and acidity, providing applicable study data for the clean-up of lead ion from water.
MATERIALS AND METHODS

Synthesis of AO-SBA-15 [3]
Amidoxime-functionalized mesoporous silica was synthesized with tetraethylorthosilicate and 2-cyanoethyl triethoxysilane as silicon source, potassium chloride as the crystal structure directing agent and poly (ethylene glycol)-poly (propylene glycol)-poly (ethylene glycol) three block copolymers as template.
Experimental method
Adjusting simulated wastewater within certain density (lead nitrate solution) as definite value with nitric acid or sodium hydroxide, and studying the adsorbing capacity of adsorbent by the experiment of bain-marie vibration on the condition of certain acidity and lead ion concentration.
Typical experimental method is to weight about 25 mg adsorbent to put in the 250 mL erlenmeyer flask with stopper to add 25 mL simulated wastewater with a certain amount of lead nitrate and ultrapure water. In addition, after taking appropriate simulated wastewater to dilute suitable concentration, and measure the lead ion concentration as a pre-adsorption of lead ion concentration in the reaction solution and set erlenmeyer flask on the board of thermostatic water bath, the absorption reaction will occur under certain temperature and frequency of 150 r·min -1 cyclotron oscillations for some time. After the reaction is completed, the supernate filtered through 0.45 um filter membrane was removed by a syringe, and take appropriate filtrate to dilute suitable concentration as one that lead ion concentration in the solution before adsorption reaction. According to the difference between the lead ion concentration of before and after reaction in solution, adsorbent mass and the volume of adding simulated wastewater to calculate the adsorption capacity.
In the circumstance of a certain concentration of simulated wastewater and amount of adsorbent dosage, the adsorption capacity of the adsorbent was investigated after a reaction time of a certain gradient. As reported in the literature, when amidoxime groups with a metal ion complex reaction, hydrogen ion will be released. In order to solve the process of complexation reaction, the automatic temperature compensation Sartorius BP-10 pH meter was used to measure the sample acidity before and after the reaction, after calibrating the three-point (4.008,6.865,9.180), referring to Water Quality-Determination of PH Value-Glass Electrode Method(GB 6920-86).with reference to Water Quality-Determination of PH Value-Glass Electrode Method (GB 6920-86).
To prepare a series of model wastewater with concentration gradient and add a suitable amount adsorbent, and to investigate adsorption capacity of the adsorbent at the different initial lead ion.
Adsorption tests
The lead ion in the solution was determined, with reference to Water quality-Determination of lead, zinc, lead and cadmium-Atomic absorption spectrometry (GB 7475-87), and the determination method of lead ion: the wastewater was diluted to a lead ion concentration varied from 5 to 30 mg·L . When the pH< 4, it shows lower adsorption capacity, but it is over 4, absorption effect is better which indicates that lead ion removed by adsorption on AO-SBA-15 like most of adsorption, the absorption process is greatly affected by acidity. when PH varied from 4 to 6, as it rises, the absorption capacity will increase, which may mainly affected by the hydrolysis of hydrogen ions to lead ion.
From the literature review, we could find that the complex metal ion effects the composition of the solution, and some of the components are usually able to dramatically change the adsorption capacity in the solution [4] . As shown in Fig.1 , when pH is 6, the adsorption capacity was apparent great compared with pH=4 and 5, while the initial concentration is 2 mmol·L -1 , the advantage is more obvious. The phenomenon that the adsorption capacity of rapid increasing may be related to the formation of lead ion ligand. Meanwhile, the dissolved lead ion was measured by through 0.45 um filter membrane, and part of the intercepted flocculation was also one of the reasons for the increasing of adsorption capacity. Figure 2 shows the adsorption capacity of AO-SBA-15 under different initial concentration of lead ion. As known by the figure, the adsorption capacity of lead ion increased as the initial concentration increased, while it would reduce with the increasing of temperature. Speculating the reason, the adsorption process is exothermic, and the system tends to a steady state of disorder. AO-SBA-15 for lead ion has higher adsorption capacity of about 0.80 mmol·g -1 . Liu et al [5] studied the adsorption of lead ion by diethylenetriamine functionalized adsorbent, they found that the low complexation capacity complexation of lead ion form complex with nitrogen atom is weak, even the characteristic of the physical adsorption is presented. It concluded that the covalent complex is not main force, electrostatic complexation is the main force. 
Effect of initial concentration on the adsorption of Pb 2+
Effect of reaction time on the adsorption of Pb
2+
As shown in Figure 3 , it can be seen that the adsorption is rapid in the initial time, A steady value was reached up to 120 min. Therefore, the adsorption mainly occurred within 120 minutes, the adsorption capacity slightly increased with the prolonging of time, and the temperature with initial concentration have little effect on adsorption capacity. The acidity changes in the case of adsorption process as shown in Figure 3 , after adsorption for about 120 min, the hydrogen ion reached the maximum in solution, then the hydrogen ion concentration was relatively reduced, the adsorption capacity of 24 hour later had a certain increase compared with the adsorption process of 4 hour, but the hydrogen ion relative to before adsorption was still increased in the solution. The hydrogen ion can react with the adsorption sites on the AO-SBA-15, which leaded to the decreasing of the hydrogen ion concentration in the solution, and it could be confirmed by the significant reduction of the hydrogen ion after 120 min. A number of studies have shown that the lead ion reacted to amidoxime group would release hydrogen ion, it indicated that amidoxime group could form complex with lead ion in the adsorption process. . Amidoxime group could form complex with lead ion in the adsorption process. The adsorption process of lead ion shows that electrostatic and covalent complex have certain effect on the adsorption of lead ion. Not only the covalent complex but also the electrostatic complexation play important roles in the adsorption.
